Using 2D-PAGE and SDS-PAGE, we elucidated the structure of the organic matrix in chicken eggshell for the first time. The large variety of components contained implies that the eggshell formation may be controlled by several components. We believe that 2D-PAGE is a good tool for separating the heterogeneous organic matrix and can be used to analyze the organic matrix in different kinds of biominerals.
INTRODUCTION
2) resulted in 61 and 37 spots respectively, most of them located in the acidic pH area. The closely comparable spots between the two matrices were concentrated at the area of 38kD with the pH between pH 4.8 to 6.0. The 17kD component, which was well stained by SDS-PAGE of the two matrices, was also comparable in 2D-PAGE, shifting to the more basic pH area of pH 6.4 to 6.7. Moreover, spots with molecular weight of 97kD with pI ranging between pH 6.0 to 6.8 were WISM specific, while elongated spots of 66kD with pI ranging between pH 5.5 to 6.5 and basic spots with pI higher than pH 6.7 and 75kD were WSM specific.
Amino acid compositions of the WSM and WISM (Table 1) were fundamentally similar. The most dominant amino acid was Gly and relatively high contents of Glx, Asx, Ala and Val were observed in both samples.
In addition, the total contents of the One-dimensional IEF was performed from left (acidic) to right (basic). Two-dimensional SDS-PAGE was performed with a gradient concentration of acrylamide (10-20%) and gels were stained with silver stain. biominerals can be formed through several steps such as initiation, growth and termination stages, and it is easy to suppose that different matrix components play specific roles at each stage of eggshell formation. For example, a 97kD component with pI of pH 6.0 to 6.8 may be the key component for the process of insolubilization of the matrix, which may be fully soluble just after secretion from the cells. Although the amino acid composition of the whole matrix was fundamentally similar between the WSM and WISM, the minor differences observed may be responsible for the solubility of the matrix. For example, Cys and Met, which were detected only from the WISM, may be important for constituting the secondary structure by forming S-S bonding. As the amino acid analysis of each matrix component has not yet been done, the cause of the minor differences remain unclear. Moreover, the higher ratio of the acidic to basic amino acids in the WSM is a subject of some interest as the acidic amino acids can bind Ca2+-ions and may be involved in the initial stage of eggshell formation. On the other hand, some of the components may be related to the contamination derived from the mother solution in eggshell gland. Recently, Miyamoto et al.8) clarified the structure of one component with molecular weight of 60kD in the WSM in pearl. It was composed of two domains, one was CA-like and the other was an acidic domain. Based on immunological analysis, we found that specific components with molecular weights between 65kD and 45 kD from several biominerals such as crocodile eggshell, fish otolith and molluscan shell showed reaction with the antiserum raised from the eggshell matrix (data not shown). These results imply the wide distribution of the key components for biomineralization. Thus, our next step of analysis 
